Abstract. Metaheuristics are a class of effective algorithms for optimization problems. A basic implementation of a metaheuristic typically requires rather little development effort. With a significantly larger investment in the design, implementation, and fine-tuning, metaheuristics can often produce state-of-the-art results. According to the amount of development effort, we say that an implementation of a metaheuristic is either an out-of-the-box version or a custom one. The possibility of implementing metaheuristics in such a flexible way is one of the major strengths of these algorithms. Nonetheless, it also hides some possible catches. In particular, it should be noticed that results obtained with out-of-the-box implementations cannot be always generalized to custom ones, and vice versa. The goal of this analysis is to stress that these two ways of using metaheuristics are different. As a case study, we focus on the vehicle routing problem with stochastic demand and on five among the most successful metaheuristics-namely, tabu search, simulated annealing, genetic algorithms, iterated local search, and ant colony optimization. We show that the relative performance of these algorithms strongly varies whether one considers out-of-the-box implementations or custom ones, in which the parameters are accurately fine-tuned. Moreover, we underline the relevance of clearly stating the framework in which the results reported in the literature have been obtained. To this aim, we consider also an implementation of the same algorithms as described in the literature.
Introduction
The term metaheuristics [1] is nowadays widely adopted for designating a class of approaches to tackle optimization problems.
A metaheuristic is a set of algorithmic concepts that can be used to define heuristic methods applicable to a wide set of different problems. Dorigo and Stützle, 2004 [2, p. 25] The generality of metaheuristics and the ease with which they can be applied to the most diverse combinatorial optimization problems is definitely the main reason for their success. Indeed, compared to exact algorithms and problem-specific heuristics, metaheuristics typically require a much lower design and implementation effort. This is particularly true if one does not necessarily aim at state-of-the-art results but has the main goal of obtaining a fairly good performance, while minimizing the development costs. In these cases, an out-of-the-box implementation of a metaheuristic is typically the solution of choice for many practitioners. On the other hand, in a number of applications it has been shown that state-of-the-art performance can be obtained through metaheuristics, provided that a custom version is developed by taking extra care in the design, implementation, and fine-tuning. This, quite naturally, implies higher development costs.
This flexibility of metaheuristics is definitely one of their appealing traits: In practical applications, one can start with an out-of-the-box version of a metaheuristic for quickly having some preliminary results and for gaining a deeper understanding of the problem at hand. Then one can move to a custom version for obtaining a better performance without having to switch to a completely different technology.
Nonetheless, the fact that metaheuristics can be flexibly used either in their outof-the-box or custom versions, can be reason of misunderstanding. Indeed, results obtained with out-of-the-box implementations do not always generalize to custom ones, and vice versa. In particular, it could well happen that, as we show in the case study proposed in this work, a metaheuristic M 1 performs better than a metaheuristic M 2 on a given problem when out-of-the-box versions of M 1 and M 2 are considered; whereas M 2 performs better that M 1 on the very same problem when custom versions are considered.
This issue is unfortunately overlooked in the literature: Many research papers propose comparisons of metaheuristics without providing any measure of the development effort devoted to the algorithms under analysis or, in other words, without clearly stating whether the metaheuristics considered are out-of-the-box versions or rather high-performing custom versions. Without this piece of information, the usefulness of these comparisons is somehow impaired 1 .
The lack of specification about the context in which empirical studies are performed can be partially justified by the fact that, admittedly, measuring the amount of development effort is not a simple and well-defined task. Much of the ambiguity
